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DESIGN AND TECHNIC
Improvement in Cell Design
Three problems emerged from consideration of
the design of the early diffusion cells; inadequate
sealing allowed loss of water from the cells other
than through the skin, the long equilibration time
required when a large desiccator was used, and the
difficulty of getting the skin to lie flat when cotton
wool was used as a supporting medium.
Attempts were made to improve the per-
formance of the cell. The early brass models were
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too heavy for the sensitive balance. Later models
made of aluminium alloy were unsatisfactory as
the alloy caused early deterioration of the con-
dition of the skin although results were quite good.
Improvements in performance have been ob-
tained by careful attention to sealing, equili-
bration time and supporting the skin. Complete
sealing has been achieved by the provision of
three rubber "0" rings, and the design is such
that the thickness of the skin does not affect the
performance of the seals. Individual desiccators
are provided for each cell with a dry cone joint
and the small air volume inside is rapidly equili-
brated. The skin is supported by a grooved per-
forated brass disc which eliminates the errors
resulting from the use of other supporting media.
The design was finally modified so that a cell
weighing less than 120 grams could be made in
brass which had proved to be a suitable material.
It is illustrated in figure 1.
Method of Using the Diffusion Cell
The diffusion cell (fig. 1) can be used in several
ways. Materials under test can be applied to the
back of the living animal and the treated skin
then removed and placed in the diffusion cell. We
use this method as a routine. Alternatively, un-
treated skins can be mounted in the cell and
treated after mounting. Sometimes it is convenient
to use the treatment material in the cell reservoir
and allow it to act continuously on the skin.
Bettley and Donoghue (6) used isolated human
epidermis in this way.
In all cases the skin should be removed from
the animal's back with great care to avoid stretch-
ing, and placed on the surface of the supporting
disc. The sealing washer is put on, the skin
trimmed to size and the cap screwed firmly on to
the body. Finally, the outer sealing ring is
tightened. When all samples of skin have been
mounted, the diffusion cells are inverted over
their desiccators. They are removed from the
desiccator cones and weighed every 24 hours;
shorter times can be used if necessary. The cells
are left in a room which is not temperature con-
trolled as small variations in the ambient temper-
ature have been shown to have little effect.
Selection of Animals
Weanling rats of our Wistar Albino strain about
28 days old are selected for diffusion measure-
ments; their weights are within a 10 gram range.
Results have shown that bucks and does are not
significantly different in their diffusion rates(Table 1). Animals are selected at 28 days in
order to avoid interference from the different
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Burch and Winsor (1, 2) and Blank (3, 4) used
diffusion Cells to determine the rate of percu-
taneous passage of water in isolated samples of
skin. The technic was also used by Basnayake
and Sinclair (5) to measure changes in the skin
permeability of rats with essential fatty acid
deficiency.
These early diffusion cells consisted of a brass
body which acted as a water reservoir, a washer
with pins to prevent crumpling of the skin and
a cap to tighten the washer on to the body.
Samples of skin were held between the washer
and body of the cell and the threads of the cap
were sealed with paraffin wax. The cell was
suspended in a desiccator and weighed periodi-
cally to assess loss of water. Each time the cells
were weighed the desiccator had to be opened
and this rapidly changed the conditions within.
When the cells were replaced, several hours were
required to equilibrate the moisture content of
the air in the desiccator.
Early cells contained only loose cotton in the
reservoir as a support for the skin under test (1).
Our early investigations were conducted with
cells containing a firm support of cotton wool, as
it is essential to ensure that the skin remains flat
during the measurements. The addition of water
to the reservoir usually caused the cotton wool
to swell and project above the surface of the cell
body. The skin was thus stretched slightly and
even this minor degree of stretching affected the
accuracy of measuring the diffusion rate.
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phases of the hair cycle. We have found that
animals of age 28 to 31 days are in a resting phase
and are satisfactory for diffusion measurements.
They are divided into littermate groups, each of
FIG. 1. (1) Water reservoir, (2) Supporting
disc, (3) Sealing washer, (4) Cell body, (5) Screw
cap, (6) Outer sealing ring, (7) Desiccator cone;
5, Shoulder for (2).
which forms a block in the statistical design of the
experiment. Each treatment is applied to one rat
in each block, the treatments being allotted to
rats at random. The selected animals are clipped
with fine scissors or electric clippers and examined
carefully to ensure that the skin has not been
snipped. They are caged separately and treated in
rotation.
Treat ment
Various application schedules can be used to
suit the substance under test and in the experi-
ments reported below the following procedure was
adopted.
Five drops of the treatment solution is applied
to the clipped area of the back of the rat; the
area is about 1" square. The five drops spread
over this area quite easily and the treatment
solution is left on the skin for 7 minutes. The area
is then rinsed with 5 drops of water spread across
the skin with a glass pipette. The area is then left
to dry for 15 minutes when the second treatment
commences. The complete treatment takes 22
minutes nnd is repeated 8 times in 3 hours. Other
application schedules can be used to suit the sub-
stance under test.
Dilute solutions give more consistent results,
and concentrations usually do not exceed 5%.
When compared with untreated skin a statistically
significant increase in diffusion rate has been ob-
tained by treating the skin with distilled water
on a 3 hour application. In the palmitate experi-
ment reported here the test solutions were made
up in 6° hardness water, and the control treatment
was 6° hardness water. After the treatment period
the rats are left for 75 minutes, then they are
killed with chloroform in treatment order so that
TABLE 1
Mean rates of diffusion for untreated animals (mg/s q.cm/hr)
First
Day
Second
Day
Thicd
Day
Mean
Rate/Day
Mean
L am1a
Average values for 21 bucks
Average values for 19 does
0.09
0.10
0.10
0.10
0.12
0.13
0.10
0.11
0.482
0.482
0.026
0.028
TABLE 2
Mean rates of diffusion for treated animals (mg/s q.cm/hr)
Dayl Day2 Day3 Day4 Rate/Day M1an
Water (control)
1% palmitate
2%palmitate
3%palmitate
Standard error of each mean L
Significant difference (P = 0.05)
0.14*
0.23
0.46
0.70
—
—
0.14
0.21
0.43
0.63
—
—
0.11
0.17
0.35
0.57
—
—
0.12
0.20
0.41
0.65
—
—
0.13
0.20
0.41
0.64
—
—
0.708
0.906
1.173
1.325
0.058
0.169
* Each figure represents the mean from 10 animals.
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the time between treatment and death is constant.
The treated skin areas are carefully removed and
mounted on the diffusion cells as described; im-
mediately after assembly each cell is weighed.
Measurements of weight change are usually made
over 5 days. Cells are normally weighed at 24 hour
intervals, and the diffusion rate calculated for the
previous day. This gives four measurements of
diffusion. There is usually some slight diminution
in rate over the 4 days but the 3rd and 4th day
are often very close.
Biological Variation in Untreated Animals
The skins from 40 weanling rats were mounted
in diffusion cells and the measurements made
over 4 days.
The diffusion rate is calculated for each day,
since large differences between days may indicate
experimental errors or gross damage to skins.
The rates for the three or four days are added to
give a total (T) and the quantity:
L = 1 + log1o(T)
is analyzed statistically. The logarithm is used
because T is generally more variable for litters
or treatments which give high mean values than
for those which give low mean values; 1 is added
to the logarithm to avoid negative values of L.
Mean values are given in Table 1.
There is little variation between bucks and
does, and from day to day. The standard devi-
ation of values of L, between rats of the same
litter, is 0.121.
ExPERIMENvAL APPLJCATJON
Effects of Treating Living Skin with Potassium
Palmitate Solution
The 3 hour application schedule described
above was used on weanling rats to compare the
effects of water and 1%, 2% and 3% potassium
palmitate solution. Mean values are presented in
Table 2.
Treatment with the 3% palmitate produced
the highest diffusion rate. The other treatments
followed in order, and the statistical analysis
showed that the values of L could be taken to be
linearly related to the concentration of palmitate.
Treatment with water produced slightly higher
diffusion values than those usually obtained with
untreated skins. The residual standard deviation
of values of L, after eliminating differences due
to litters and treatments, was 0.184.
Early work showed that the figures obtained
for the first day were frequently higher than
those obtained on other days. Some of this
difference may be due to inevitable contamination
of surfaces of the cell during setting up, some of
it is undoubtedly due to the water content of the
corneum. After the first day the rate remains
fairly constant over a period of a week or more.
SUMMARY
The construction of a modified diffusion cell
and its use in measuring the rate of water diffusion
through skin is described. The method is sensitive
and results within single experiments arc repro-
ducible.
A significant increase in the rate of water
diffusion through rat skin was found after treat-
ment with potassium palmitate. Further, the re-
sponse of the skin to treatment with 1%, 2% and
3% of this soap was linear. The increase in
diffusion rate caused by treatment does not
diminish during the measurement period.
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